Recent evidence suggests that a network of brain areas may be involved in visually guided walking. Here we study patients with Parkinson's disease (PD) who experience 'freezing' behaviour to investigate the visual control of locomotion and the role of the basal ganglia in this system. We use a variable-width doorway to measure the scaling of motor output to visual input specifying door width. By measuring walking behaviour as participants passed through the doorway, we show that both PD and healthy control participants scaled their locomotor outputs to door width. Both groups reacted to narrower doors by walking more slowly with shorter strides. However, the changes were greater in the PD group, where walking speed dramatically decreased while approaching the doorway. Such a pattern could help explain why doorways cause freezing episodes in PD. Neither explicit perceptual judgements of door width, nor performance on motor tasks, predicted the door behaviour. On the basis of these findings, we propose that PD is associated with a visuomotor disturbance, such that responses to action-relevant visual information are exaggerated. In the PD group, dopaminergic medications improved many baseline gait variables but did not affect their sensitivity to door width, suggesting that this visuomotor effect is not mediated by the basal ganglia. This hypothesis provides a novel framework for interpreting a variety of results with PD patients.
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Introduction
Though vision is crucial for safe walking through everyday environments, we know relatively little about the neural circuits underlying visually guided walking. Nevertheless, evidence suggests that the visual control of walking involves multiple, interacting brain mechanisms. Basic locomotor patterns may be produced by central pattern generators in the brainstem and spinal cord (Dietz, 2005; Orlovsky, Deliagina, & Grillner 1999) , as well as by circuits connecting the basal ganglia (BG) with the supplementary motor area (SMA) (Jahn et al., 2004; Malouin, Richards, Jackson, Dumas, & Doyon, 2003; Wang, Wai, Kuo, Yeh, & Wang, 2008) . There is evidence to suggest that visual information is integrated with these locomotor control processes either by these same BG-SMA loops or by parietal and premotor cortices (PMC). In cats, lesions to posterior parietal cortex (PPC) cause an inability to modify walking patterns on the basis of visual input; and the firing rate of PPC cells increases as the animal prepares to modify its steps on the basis of visual information (Drew, Andujar, Lajoie, & Yakovenko, 2008) . Neuroimaging studies of imagined locomotion in humans suggest that both PMC and SMA (Jahn et al., 2004; Wang et al., 2009; Wang, Wai, Weng, Yu, & Wang, 2008) are involved in the visual control of locomotion. As described above, the SMA is intricately linked to the basal ganglia so the implication of this last result is that circuits involving the basal ganglia may mediate visually controlled walking. The serious technical limitations on measuring brain activity during walking in humans means that evidence from converging methods will be crucial in developing a full model of these neural control networks. Studying Parkinson's disease (PD), in which the basal ganglia is damaged and a wide variety of walking problems are present, may provide insight into the neural control of walking as well as being an important application area. PD impairs the amplitude (Blin, Ferrandez, Pailhous, & Serratrice, 1991) and timing (Hausdorff et al., 2003) of walking, but also alters responses to visual inputs (Davidsdottir, Wagenaar, Young, & Cronin-Golomb, 2008) . For some patients, visual stimuli such as doorways or roads can trigger 'freezing' episodes during which the person feels as if his feet are glued to the floor (Rahman, Griffin, Quinn, & Jahanshahi, 2008; Schaafsma et al., 2003) . In contrast, transverse lines on the ground can increase stride length or release a freeze ('paradoxical kinesia'; Azulay et al., 1999; Dunne, Hankey, & Edis, 1987; Martin, 1967) . A parsimonious explanation for these disparate phenomena is that they result from involuntarily exaggerated responses to action-relevant visual information during walking in PD. As a result, visual information may promote or constrain walking
